Abstract. β Cephei variables are the most prominent pulsators among the massive stars on the upper main sequence, extending into the class of the rare hybrid β Cephei-SPB pulsators in the overlap region with the instability strip of the Slowly Pulsating B-stars. While the κ-mechanism has been identified as the driver of the pulsations, a comprehensive explanation of the excitation of the observed p-and g-modes is still lacking. In particular, the instability regions for these main-sequence B-type pulsators are still not fully consistent with any current opacity calculations. We have determined tight observational constraints on the chemical composition of a sample of β Cephei and hybrid pulsators in the solar neighbourhood, covering all elements with abundances log (X/H) + 12 > 7.3. The star sample turns out to be chemically homogeneous, with a metallicity Z ≈ 0.014 and a non-solar abundance mix. The availability of accurate and precise abundances eliminates one of the two variables in the opacity calculations for asteroseismic applications, allowing to focus on (missing) atomic data.
Introduction
While asteroseismology sees widespread success in the study of the interiors of latetype stars its application to early-type stars is still challenging. β Cephei variables of early B-type are the most prominent pulsators among the massive stars on the upper main sequence (with M > 8 M ), extending into the class of the rare hybrid β Cephei-SPB pulsators in the overlap region with the instability strip of the Slowly Pulsating B-stars, which are of mid-and late-B type. The κ-mechanism driven by a metal opacity bump in the stellar envelope has been identified as the driver of the pulsations, see e.g. Aerts et al. (2010) for a discussion. However, a comprehensive explanation of the excitation of the observed p-and g-modes in the observed pulsators is still lacking. In particular, the instability regions for these main-sequence B-type pulsators are still not fully consistent with any current opacity calculations, see e.g. Salmon et al. (2012) .
Opacity is the product of elemental abundances and atomic cross-sections, such that both input variables may contribute to problem in equal measure. While there is considerable improvement in the determination of the contribution of cross-sections (e.g. Bailey et al. 2015) , little systematic and homogeneous work has been done on the determination of elemental abundances in β Cephei stars. So far, the most comprehensive work on metallicity determinations for almost 50 β Cephei stars has been provided by Niemczura & Daszyńska-Daszkiewicz (2005) , from the analysis of low-resolution ultraviolet spectra. More detailed data on individual abundance in 9 objects were provided by Morel et al. (2006) , analysing high-quality optical spectra on the basis of non-LTE line-formation.
Here, we want to discuss the impact of improvements on the abundance determinations recently achieved by Nieva & Przybilla (2012, NP12) , concentrating on the β Cephei and hybrid pulsators included in their sample of early B-type stars in the solar neighbourhood. 
Observations and Analysis
The combined star sample of NP12 and Nieva & Simón-Díaz (2011, NSD11) contains in total 29 early B-type stars in the solar neighbourhood, at distances out to ∼400 pc. These include the four β Cephei pulsators HD 61068 (PT Pup), HD 205021 (β Cep), HD 216916 (EN Lac) and HD 16582 (δ Cet), as well as the hybrid β Cephei-SPB pulsators HD 886 (γ Peg) and HD 29248 (ν Eri). For all the stars high-S/N (S/N ≈250-800), high-resolution spectra (R = λ/Δλ 40 000) with wide wavelength coverage were available for analysis, taken with the Echelle spectrographs FOCES, FEROS, FIES and ELODIE, see NP12 and NSD11 for details.
Model calculations were carried out using a hybrid non-LTE approach as discussed in detail by Nieva & Przybilla (2007 and Przybilla et al. (2011) . In brief, hydrostatic, plane-parallel and line-blanketed LTE model atmospheres were computed with Atlas9 (Kurucz 1993) . Non-LTE line formation computations were then performed on these model structures using updated versions of the Detail and Surface codes (Giddings 1981; Butler & Giddings 1985) and (updated) Numerous spectroscopic indicators such as multiple ionization equilibria and Starkbroadened profiles of the Balmer and Paschen lines were used simultaneously to derive effective temperatures T eff and surface gravities log g. Both, high accuracy and precision were achieved, with 1σ-uncertainties reduced to ∼1-2% in T eff and to 0.05-0.10 dex in log g. Absolute elemental abundances were constrained to ∼25% in systematic and to ∼10-20% in random 1σ-errors, a significant improvement over the factor ∼2 in uncertainty typically found in previous work. The resulting synthetic spectra reproduce practically the entire observed optical/near-IR spectra of the target stars in very detail, with only a small percentage of spectral lines unaccounted for. 
Chemical composition of β Cephei and hybrid pulsators

Results
One of the principal findings of NP12, supplemented by NSD11, is that contrary to all previous investigations the present-day chemical composition of the massive star population in the solar neighbourhood is highly homogeneous (see Fig. 1 ). Abundance fluctuations of less than 10% around the average were found, once the effects of a larger number of sources of systematic error, both on the observational (e.g. binarity, objects with circumstellar disks and chemically-peculiar stars) and modelling side (e.g. atomic data, stellar parameter determination) were minimised. The resulting set of early Bstar abundances constitutes the so-called cosmic abundance standard (CAS, NP12; see also Przybilla et al. 2008) , establishing a second standard complementary to solar abundances, which have seen considerable revision recently (e.g. Grevesse & Sauval 1998, GS98; Asplund et al. 2009, AGSS09; Caffau et al. 2011, CLSFB11) .
The work of NP12 contains four β Cephei pulsators and two hybrid β Cep-SPB pulsators, for which we want to discuss in the following properties of this sample in context of the CAS. Table 1 summarises average abundances and the standard deviation for helium and all metals with abundances log (X/H) + 12 > 7.3 in the pulsators. The elemental abundances in the pulsators are practically indistinguishable form the CAS, i.e. they are overall also chemically homogeneous. One exception is nitrogen, which shows a higher abundance on average (and a larger scatter) in the pulsators (see also Morel et al. 2006) . The reason for this is that four out of the six pulsators are enriched in nitrogen, while N-rich stars were disregarded when establishing the CAS, as this is aimed at representing pristine abundances, unaffected by mixing with CN-cycled matter.
It would be worthwhile to investigate whether the opacity enhancement through enriched nitrogen can help to drive the observed pulsations. Note that while particle conversion in the CN-cycle reduces carbon abundances by a mere ∼10%, this corresponds to a change in nitrogen abundance by ∼60% on average in the present sample. However, note also that two of the pulsators show normal nitrogen abundances. As the β Cephei and hybrid pulsators are stars evolved considerably off the zero-age main sequence, the larger fraction of stars showing CN-cycled products on their surface may alternatively just be a consequence of mixing in the course of stellar evolution (e.g. Ekström et al. 2012; Maeder et al. 2014) , unrelated to the driving mechanism of the pulsations.
Table 1 also shows that the CAS and the solar abundance standard are similar but not identical. Supported by arguments involving Galactic abundance gradients and Galactochemical evolution this was interpreted by NP12 as an indication that the Sun was not born near its present Galactocentric position, but has radially migrated from a birthplace around a Galactocentric distance of ∼5-6 kpc to its current location over its lifetime. The Sun is therefore not representative for its current neighbourhood. Consequently, the abundance mix of the CAS should be preferred for opacity calculations for members of the young stellar population. Resulting mass fractions for hydrogen X, helium Y and Table 2 , and compared to solar values. Note that the elements investigated by NP12 constitute the bulk of metal mass fraction. They have been supplemented by meteoritic solar values (AGSS09) for the less abundant metals and data from the Orion nebula for chlorine and argon from Esteban et al. (2004) as provisory CAS values. Note that these contribute little to the overall metallicity and any mismatch to true B-star abundances is well covered by the given uncertainties. The CAS metallicity of Z ≈ 0.014±0.002 is compatible with modern values of the solar metallicity, but with a different abundance mix. We conclude that accurate and precise abundances are now available for a small sample of pulsators, which should be representative also for other object at least out to distances of several hundred parsec from the Sun. The availability of these data eliminates one of the two variables in the opacity calculations for asteroseismic applications, allowing the focus to be put on (missing) atomic data.
